RJR paradigm give clues to the origin of the FOK. First, the subjects more frequently recognize the answers correctly when they had greater FOK (Hart, 1965(Hart, , 1967 The first purpose of the present study was to investigate neural correlates for the FOK using a task based on Introduction the RJR paradigm by event-related functional magnetic resonance imaging (fMRI) using a random-effects model People often experience a sense of knowing a word (SPM99). Experimental procedures are schematically before they successfully complete the recall of it. This presented in Figure 1A . First, subjects were required to is called a feeling-of-knowing (FOK) experience, and recall words as quickly and accurately as possible durin many cases, people can make accurate judgments ing fMRI scans. They responded by pressing a button whether they would recognize the as yet unrecalled indicating that they recalled the answers or that they word if it was presented to them. This experience has did not know. We will use the term "recalled trials" to fascinated psychologists for a long time.
Figure 1. Experimental Procedures and Rating of the Feeling-of-Knowing (FOK)
(A) Subjects were required to recall words for general-information questions during fMRI scans. They responded that they had recalled the target words or did not know by pressing buttons. Then, outside the scanner, they judged their degree of FOK on a scale of three to the nonrecalled questions, or they wrote their answers to the recalled questions. Each trial was sorted into trial type (Recalled, FOK3, FOK2, and FOK1) according to the participant's judgment and was subjected to event-related fMRI analysis. (B) Mean response latencies of each trial type behaviorally reflected the FOK rating. The asterisks show significant difference at p Ͻ 0.001 (n ϭ 14). These differences in response latencies were just as predicted by the previous psychological studies (see text). Error bars indicate SEM. the partial recovery is a part of the cognitive processes sis. However, when we examined the neural correlates for the FOK by this analysis, the different response latenthat operate during the successful recall (Hart, 1965) . On the other hand, some of the mechanisms (Reder, cies among the FOK trials, which is one of the attributes of the FOK mentioned above, became a potentially con-1987; Metcalfe, 1993; Koriat, 1993) may not be recruited when the subject succeeds in recalling the target befounding factor. This confounding factor should be removed from the analysis, because the regions whose cause they are not necessarily based on the direct recovery of the target itself but instead on the familiarity roles are less dependent on the FOK, such as the regions for visual attention, may also be revealed as activated of the cue or the accessibility to the pertinent information of the cue or target. Therefore, we attempted to decomareas when the response latencies become longer. Therefore, we detected the regions for the FOK without pose the neural correlates for FOK based on whether they are also activated by the successful recall or not.
the influence of the different response latencies (FOK regions) by performing another parametric analysis takIn order to identify the regions responsible for the FOK, we used a parametric approach rather than a cateing both the FOK ratings and the response latencies as modulation parameters. We call this analysis the double gorical one. A categorical approach subtracts a control condition from a task condition, assuming that the comparametric analysis. We identified the bilateral inferior frontal gyri (IFG; Brodmann's area, BA 47), left middle ponent of interest is purely inserted in the task condition. In contrast, a parametric approach systematically tests frontal gyrus (MFG; BA 46/9, BA 10), anterior cingulate cortex extending to the supplementary motor area (ACC/ relationships between parameters and MRI signals and can avoid many of the shortcomings of cognitive sub-SMA, BA 32/24/6), and bilateral caudate nuclei as the FOK regions. We confirmed that all of the FOK-associtraction (Friston et al., 1997). This approach is applicable to detection of regions responsible for the FOK because ated regions in the prefrontal cortex remain significant even when the influence of response latencies was rethe FOK does not have a simple two-state dichotomy such that people either know something or do not know moved. Finally, the FOK regions were further characterized according to whether they were recruited in proit, but has multiple states (Cohen, 1996 Legend is the same as that in Table 1. (FOK-regions). The combined use of the single and doudifference in the response latencies across FOK ratings but the strength of the FOK itself. Furthermore, we demble parametric analyses confirmed that the positive relation between the FOK ratings and the activities of the onstrated that the FOK region in the right inferior frontal gyrus and a subset of the FOK region in the left inferior FOK regions in the prefrontal cortex is not due to the . A recent study showed that the left inferior pretrieval task: one condition was that the subjects knew that the word was seen in the previous study episode frontal cortex mediates a topdown bias signal that is recruited to the extent that the recovery of meaning but could not recollect any contextual information about its previous occurrence (K condition), and the other condemands controlled retrieval (Wagner et al., 2001). It is likely that the semantic information that was triggered dition was that they thought they had not seen the word in the preceding encoding study (N condition). It is likely by those processes, or a subset of those processes, underlies the FOK. In our study, we found the left IFG that the "K minus N" activations may share the same origin with our FOK activations. However, it must be was activated by the FOK (Table 2 , upper) and semantic successful recall (Table 3) , and its activations were parnoted that there are at least two differences between the present and Henson's studies: the type of memory tially overlapped. These results suggest the possible links between the semantic processing and the FOK. (semantic versus episodic) and the type of analysis (parametrical versus categorical). In spite of these differWe found an FOK region in the right IFG. A recent fMRI study reported the right inferior frontal cortex ences, the bilateral IFGs were shown to be activated in both studies, suggesting that the bilateral IFGs may be showed "tip of the tongue (TOT)" specific effects (Maril , 2001 ). In the RJR paradigm, it is a fundamental assumption that the FOK in the recall subjects are in the TOT state, suggesting that the right inferior prefrontal cortex may be the neural substrates phase can be faithfully evaluated later in the judgment phase. This fundamental assumption has been concommon to both the states of the FOK and TOT.
In this study, we found a subset of the FOK regions firmed by many psychological FOK studies; for example, the response latencies in the recall phase are positively in the bilateral IFGs was not involved in the successful recall processes. Our hypothesis for the mechanisms correlated with the FOK ratings in the judgment phase Narens, 1980, 1990) . We also confirmed this of the FOK suggested that these regions were involved in the processes that were not based on the direct acphenomenon in the present study ( Figure 1B) . Therefore, we think that our fMRI study captured a critical portion cess to the target itself but based on the other mechanisms, such as familiarity of the cue or the accessibility of the FOK processes. In this study, we detected activations in the regions to the pertinent information of the cue or target (Reder, 1987; Koriat, 1993 (Figures 3A and 3B) .
We found activations in the left MFG (BA 46/9) and the double parametric analyses. We obtained residual maps from both analyses from each subject and com-ACC in the FOK ratings as well as in the successful recall processes (Table 3) (Tables 1 and 2 ). This area was regarded as a part of the correct rejection trials of episodic memory tasks, the subjects did not have the target items in their memanterior prefrontal cortex (AFC) in some literatures and was related to retrieval strategy and/or "third level of ory and correctly responded that they had not seen the targets. In contrast, in the FOK3 and FOK2 trials, executive control" (Fletcher and Henson, 2001 ). The activation of this area did not reach statistical significance the subjects are likely to have information related to the question and/or target in their memory (particularly in in successful recall in our study. These findings confirm that the FOK is mediated by a distributed neural system FOK3, there was a high probability of their having the targets in their memory, as assessed by recognition and that also supports these cognitive functions. (voxel size, 4 ϫ 4 ϫ 6 mm). The intertrial intervals were jittered students. We also collected questions from a database (Nelson and (4-6 s) to effectively detect hemodynamic response changes. One Narens, 1980) that were considered suitable for Japanese people. session consisted of 66 scans for each volume, and a total of Then, we conducted pilot studies using the collected questions to 12 sessions per subject was obtained. There were 17 trials in one another group of subjects whose age and educational background session and 204 trials for each subject. We used the same question matched the scanned subjects. Finally, we selected a total of 204 set to all the subjects. To maintain the same head position, we used questions, including 47 questions from the Nelson-Narens dataa vacuum cushion. For each subject, conventional T1-weighted base. Information in relation to the questions was at least 1 year structural images were obtained to provide anatomic information. old and covered a wide variety of fields, including science, history, literature, and so on. The number of characters that consisted in each question was 12.0 Ϯ 4.1 (mean Ϯ SD). The questions were Data Analysis presented in Japanese using LabVIEW software (National InstruThe fMRI data were processed using SPM99 (Wellcome Department ment, Inc., Austin, TX) by a color LCD projector (Sharp 2000, Osaka, of Cognitive Neurology, London, UK; www.fil.ion.ucl.ac.uk) with a Japan).
MATLAB software (MathWorks, Natick, Massachusetts). We used the random-effects model and assessed significance at p Ͻ 0.05 corrected. After discarding the three initial volumes of each session Cognitive Task The cognitive task used in this experiment was based on the RJR to allow for T1 equilibration effects, all volumes were realigned to the first volume. Then, different acquisition timing of each slice was paradigm ( Figure 1A) . In phase one, the subjects performed a recall task during fMRI scans. After a warning, a general-information quescorrected by shifting the sinc-interpolated time series data. Each volume was spatially normalized to a standard EPI template of 2 tion was presented for 4 s, and the subjects were required to recall the answer as quickly and accurately as possible. When they could mm cubic voxels in the Talairach and Tournoux space (1988), using nonlinear basis functions. All volumes were spatially smoothed with recall the answer, they pressed a button (recalled trials), and when they did not know or they could not immediately recall the answer, an isotropic 8 mm full-width at half-maximum Gaussian kernel, and they were globally scaled. In addition, the time series for each voxel they pressed the other button (FOK trials) with their right hand. The subjects were required to press the button within 4 s. In 5.3% of were low-pass filtered by convolving canonical hemodynamic response function, and low-frequency drifts were removed with the the trials, the subjects could not respond within 4 s. We defined the time period between the onset of question presentation and the cutoff periods of the default values in SPM99.
The following trials were regarded as no-interest trials: the trials button press as the response latency of the trial, and it was measured with a 1 ms step. Before fMRI scans, the subjects participated in which the subjects did not respond within 4 s; the trials in which the subjects answered that they recalled the targets in the first in one session to be familiarized with the procedure of the task. In phase two, they were instructed to write their answer to each quesphase, but they could not write their answers or wrote wrong answers in the second phase; and the trials in which they responded that they tion in the recalled trial, or they were asked to make a judge of their degree of FOK in a scale of three for each FOK trial. In the RJR did not know in the first phase, but they recalled the answers before the word identification tests in the third phase. The mean number paradigm, it is a fundamental assumption that the FOK in the recall phase (i.e., phase one) can be faithfully evaluated later in the judgof no-interest trials was 12.4 Ϯ 2.1 (n ϭ 14, mean Ϯ SEM). Three types of statistical analyses of the fMRI data were perment phase (i.e., phase two). Nelson (1988) reviewed many studies and reported that the reliability of FOK judgments was excellent;
formed. First, we adopted a parametric analysis (Buchel et al., 1998) with the FOK ratings as the modulation parameter (single parametric people would make the same judgment if they were subsequently asked to make FOK judgments on an item again. In phase three of analysis). The main purpose of this analysis was to identify the regions whose activities increased as the FOK ratings became our study, the question and its correct answer were presented to higher. We assigned 3, 2, and 1 as the modulation parameter values by the double parametric analysis (p Ͻ 0.001 uncorrected) was inclusively masked by the map of the successful-recall regions (p Ͻ to the FOK3 trials, FOK2 trials, and FOK1 trials, respectively, and used the polynominal function up to the second order. In this analy-0.001 uncorrected). The significance of the masked statistical map was assessed with cluster level analysis (p Ͻ 0.05), corrected for sis, the constructed regressors were as follows: the effect of recalled trials; the effects of the null order, the first order, and the second whole brain multiple comparisons. This subset of the FOK region thus determined indicates a region that was also activated in sucorder for FOK ratings; and the effects of no-interest trials that were defined above. cessful recall. Second, the FOK map (p Ͻ 0.001 uncorrected) was exclusively masked by the map of the successful-recall regions (p Ͻ Second, we adopted another parametric analysis with both the FOK ratings and the response latencies as the modulation parame-0.05 uncorrected), and its significance was assessed in the same way with cluster level ( . Visual attention: insights were further characterized using masks in relation to the successfulrecall regions (Figure 4) . First, the statistical map of the FOK ratings from brain imaging. Nat. Rev. Neurosci. 1, 91-100.
